colorectal cancers have responded to braf kinase inhibitor monotherapy in early-phase trials 14 , raising the possibility that effective treatment may require blockade of one or more additional pathways 15 . Conversely, the clinical response of colorectal cancers to regimens including epidermal growth factor receptor (egfr) inhibitors appears to require both wild-type BRAF and KRAS status [16] [17] [18] .
CASE REPORT
A 78-year-old man presented in 2006 with anemia caused by an obstructive mucinous colorectal cancer of the hepatic flexure. The 75-mm tumour was resected en bloc. Vascular invasion and perineural infiltration were present, and 9 of 21 nodes contained metastases. The mismatch repair proteins mlh1 and pms2 were not detectable by immunohistochemistry.
After surgery and biweekly oxaliplatin-based (folfox) adjuvant chemotherapy, our patient remained well until 2010, when rising serum carcinoembryonic antigen (cea) and fluorodeoxyglucose positron-emission tomography heralded recurrence in the right external iliac and inguinal nodes, with involvement of the anterior abdominal wall. Palliative use of oral capecitabine was poorly tolerated because of severe diarrhea and hand-foot syndrome, and it failed to stem the rising cea. Treatment was ABSTRACT Mismatch-repair-deficient colorectal cancers often contain kinase-activating V600E BRAF mutations, but no clinical utility has yet been demonstrated in this setting for monotherapy using oral braf kinase inhibitors such as vemurafenib or dabrafenib. Recent studies have indicated that tumour resistance to braf inhibition is mediated by upregulated epidermal growth factor receptor (egfr) signalling, disruption of which is a routine treatment strategy in KRAS wildtype colorectal cancer. In this report, we describe the clinical course of a heavily pretreated patient who elected to receive off-label dual-targeted braf-and egfr-inhibitory therapy with good tolerance and apparent clinical benefit.
INTRODUCTION
Melanomas containing missense V600E BRAF mutations may respond dramatically to braf kinase inhibitors such as vemurafenib 1 or dabrafenib 2 , but the survival benefit has proved to be relatively modest 3 , in part reflecting rapid selection for resistance 4 because of braf inhibitor-induced upregulation of wild-type signalling pathways [5] [6] [7] [8] , such as those regulated by platelet-derived growth factor 9 or hepatocyte growth factor 10 . Activating V600E BRAF mutations are also present in up to 10% of unselected colorectal cancers, with this proportion rising to more than 60% in tumours with microsatellite instability because of reduced expression of mismatch repair enzymes 11 . These BRAF mutations are mutually exclusive with oncogenic KRAS mutations 12 , but imply a similar treatment-refractory prognosis 13 . In contrast to melanomas, fewer than 10% of BRAF V600E -mutated changed to raltitrexed, but 3 cycles of that regimen also proved ineffective.
By early 2012, disease progression had supervened again. Tumour gene sequencing-by exonic polymerase chain reaction amplification followed by direct sequencing-showed KRAS (exon 1, codons 12-13) wild-type status and a classical BRAF exon 15 V600E mutation. Monotherapy with cetuximab failed to slow the rising cea [ Figure 1(A) ]. Irinotecan chemotherapy was added, but plasma cea rose again within 2 months, and the patient's quality of life was impaired by diarrhea.
All standard treatment options now being exhausted, and with symptoms and iatrogenic toxicities compromising the patient's quality of life, we initiated detailed discussions about off-label substitution of vemurafenib for irinotecan. Having thus obtained the patient's informed consent, vemurafenib was commenced at 240 mg daily, with weekly escalation as tolerated. Cetuximab was continued throughout, according to the standard schedule. Skin reaction was florid at first, requiring interruption of vemurafenib therapy at the initial lowest dose, but the target dose of 960 mg daily was achieved within 6 weeks. By this time, plasma cea had stabilized, a palpable right groin mass had regressed, and positron-emission tomography showed reduced fluorodeoxyglucose avidity of the abdominal adenopathy [ Figure 1(B) ]. Apart from one new skin cancer on the scalp requiring radiotherapy, the combination was well tolerated and yielded symptom stabilization for 6-7 monthssimilar to the average duration of clinical response to vemurafenib monotherapy in melanoma.
In view of the inconvenience of weekly intravenous infusions, and to clarify whether most of the clinical benefit could be attributed to vemurafenib alone, the decision was made to discontinue cetuximab while continuing oral vemurafenib. However, cetuximab cessation was followed by rapid disease progression [ Figure 1(A) ]. Reintroduction of combined therapy was attempted, but failed to restore disease control, and the patient was managed palliatively from that point until demise.
DISCUSSION
Mismatch-repair-deficient colorectal cancers are widely believed to be suboptimally responsive to fluoropyrimidines in both the adjuvant and the palliative settings, presumably reflecting a failure of the incorporated antimetabolite to trigger apoptosis. Hence, options for effective therapy in microsatelliteunstable disease are limited. Because activating BRAF mutations occur more often in such disease, the present case raises the possibility that braf kinase inhibitors might come to merit consideration in some of these patients. Moreover, in a departure from current teachings, it is plausible that the combination of an egfr inhibitor with a braf inhibitor could transform the natural history of such cases to a prognosis superior to that of "undruggable" KRASmutant disease.
A single case report such as ours cannot definitively clarify whether the apparent clinical benefit was specifically attributable to the therapeutic combination, especially given the failure of the reintroduced combined therapy to restore disease control. Early-phase trials of vemurafenib monotherapy indicated a minor response rate in colorectal cancer cases. In the present report, our clinical impression before commencement of dual therapy was that single-agent cetuximab was failing to control the patient's disease, and yet cessation of cetuximab from the dual-therapy protocol was immediately followed by disease progression. However, given the interpretational weaknesses of such temporal correlations, only larger controlled trials will be able to establish the clinical safety and efficacy of combined therapy.
In the era of personalized medicine, cases such as this raise important ethical and safety issues relating to off-label prescribing. Previous reports of similar off-label therapy using cetuximab and sorafenib have been published with acceptable tolerance and evident benefit 22 . In the present case, care was taken to inform the patient of the unproven safety and efficacy of combined braf and egfr blockade, as well as of the out-of-pocket costs involved, balanced against a lack of standard treatment options in this heavilypretreated clinical context.
CONCLUSIONS
Relatively few reports have assessed the utility of combining cancer drugs with distinct molecular targets, and some combinations-for example, bevacizumab and cetuximab-have proved to be detrimental. A positive precedent was recently set by studies combining braf and mek inhibitors with improved therapeutic:toxic ratios in melanoma 23, 24 . The present case suggests that formal clinical trials to assess the safety and efficacy of combined braf and egfr blockade in BRAF V600E colorectal cancer are now timely.
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